Introduction: Lyme borreliosis/Lyme disease is caused by Borrelia burgdorferi and is one of the most common vectorborne diseases transmitted by ticks. Material and Methods: A total of 136 Ixodes ricinus ticks, collected in the Ternopil (Ukraine) region, including 126 adults (70 females and 56 males), and 10 nymphs were examined. The identification of the species and their developmental form was based on morphological characteristics. Results: PCR with B5S-Bor and 23S-Bor primers resulted in Borrelia burgdorferi sensu lato DNA amplification among six ticks (4.4%). The detailed analysis based on the DNA sequencing showed the presence of DNA of Borrelia afzelii in four samples; the remaining two represented Borrelia burgdorferi sensu lato complex, although their genospecies were not determined. The research confirmed the dominance of Borrelia afzelii genospecies in the ticks from Ukraine. Conclusion: It seems reasonable to undertake similar research in ticks from other regions of Ukraine. Knowledge in this field can be useful for public health and planning the prevention of tick-borne diseases.
Introduction
Lyme borreliosis/Lyme disease (LB/LD) caused by the spirochaete Borrelia burgdorferi is one of the most common vector-borne diseases transmitted by ticks: Acari : Ixodida : Ixodidae belonging to the genus Ixodes (20, 28) . It has been observed that the number of incidences of LB is increasing in certain European areas which are becoming endemic (20, 26) . In Poland, the incidence of Lyme disease has increased from 4.79 in 2000 to 55.2 per 100,000 people in 2016 (7, 8) .
In Ukraine, LB was officially classified as a group of especially dangerous infections, according to the Regulation of the Minister of Health of Ukraine (N133 of 19.07.1995) . Registration of Lyme borreliosis in humans in Ukraine began in 2000. It was proved that the incidence of the disease in the country was growing each year from 58 cases in 2000 (incidence: 0.12/100,000) to 3413 in 2015 (incidence: 7.96/100,000) (2) .
The western part of Ukraine, including the Ternopil area, is recognised as an endemic region for LB, as it is located in the forest-steppe region with mixed forests, fertile soils, as well as adequate moisture and optimal temperatures. Besides these conditions, a variety of plants and animals create favourable conditions for the circulation of the agents of different natural-focal diseases, including LB (12) . Accordingly, the number of LB cases in the Ternopil area increased from 2 in 2005 to 115 in 2015 (2, 12) (Fig. 1) . Ixodes ricinus is the vector of Borrelia burgdorferi s.l. in the Ternopil region, where the season of its activity is lengthening each year. In 2005, it lasted from June to October, in 2009 from April to October, in 2010 from May to October, and in 2011 from March to November-December. In 2012, the first ticks in the region were spotted in the last days of February (12) . The detection of B. burgdorferi spirochaetes in captured ticks in a particular area is crucial to evaluation of the endemicity of LB, as it enables recognition of the examined area as such. It is also important to identify the percentage of infected ticks because this helps to determine the risk of infection.
The aim of the following study was to evaluate the prevalence of B. burgdorferi s.l. in the ticks of the Ternopil area in Western Ukraine.
Material and Methods
Study area. The study area was located in the Ternopil Oblast (Western Ukraine) and included the towns Konuchy (49°56'N, 25°06'E), Biłokrynycia (49°28'N, 25°22'E), Skala-Podilska (48°85'N, 26°20'E), Papirnya (49°13'N, 25°77'E), and Monastyryska (49°09'N, 25°17'E). The location of these towns and their environmental conditions are conducive to the occurrence of ticks. Monastyryska is a town situated on the river Koropets, 15 km from Buchach, 140 km south east of Lviv, on the road between Ternopil or Berezhany and Ivano-Frankivsk. The river Koropets forms a wide lake. Koniukhy is a village in the Kozova Raion located on the Korsa and Koniukhy rivers. Skala-Podilska or Skala upon Zbruch is an urban-type settlement in Ternopil Oblast on the Zbruch River.
Ticks. The ticks were collected using the flagging method from various places in the Ternopil area between June and July 2016, as described in detail by Komoń and Sytykiewicz (13) . The data on the collection locations and tick numbers are presented in Table 1 . The ticks were stored in 70% ethanol epinephrine at 6ºC and rinsed in fresh 70% ethanol before the DNA extraction (11) . The identification of the species and their developmental form was based on morphological characteristics based on the differential keys showed by Buczek (3) (Fig. 2) .
Fig. 2. Ixodes ricinus: male on the left, female on the right
Bacterial reference strains and growth conditions. B. burgdorferi s.s. B31 (ATCC 35210) was used as the reference strain. A 0.1 mL volume of each strain was inoculated into 5 mL of BSK-H Complete Medium (Sigma-Aldrich, USA) and incubated in a 5% CO2 atmosphere at 35ºC for seven days, to a final cell density of 10 7 /mL (16) . The growth of the bacteria was observed under dark field microscopy.
The isolation of the DNA. The DNA isolation was performed with a QIAamp DNA Mini Kit (Qiagen, Switzerland). The isolated DNA was stored at −20ºC.
PCR amplification. B5S-Bor (5'GAGTTCGCG GGAGAGTAGGTTATT-3') and 23S-Bor (5'-TCAG GGTACTTAGATGGTTCACTT-3') primers targeting the intergenic spacer 5S 23S rDNA of B. burgdorferi were used for PCR amplification (1) . A mixture of 12.5 µL of StartWarm HS-PCRMix (A&A Biotechnology, Poland), 2 µL of 100 µM of each primer, 5 µL of extracted DNA, and 3.5 µL of H2O was used. The PCR was performed in a SensoQuest Thermocycler (SensoQuest, Germany). The following amplification parameters were used: initial denaturation at 94ºC for 3 min, 30 cycles comprising denaturation at 94ºC for 20 s, annealing at 52°C for 30 s, and extension at 72ºC for 30 s, and final extension at 72ºC for 7 min (11). Positive (B. burgdorferi sensu stricto strain B31 (ATCC 35210)) and negative (sterile deionised water) controls were included. The separation of the specific DNA amplicons was performed using horizontal gel electrophoresis (1.5% agarose, 6V/cm, over 25 min). Detection of DNA fragments was achieved with Green DNA GelStain (Syngen, Poland) and UV transillumination. The expected size of the amplification products was approximately 410 base pairs.
Nucleotide sequence analysis. The obtained DNA amplicons were purified with a Gel-Out concentrator kit (A&A Biotechnology, Poland). The sequencing reactions (primer 23S-Bor) were carried out by Genomed (Poland). Comparison of sequences to those in the GenBank database was made using the Basic Local Alignment Search Tool (BLASTn), available at the National Center for Biotechnology Information (Maryland, USA).
Results
The study was conducted on 136 ticks, including: 126/136 (93%) adults (70/136 females and 56/136 males) and 10/136 (7%) nymphs. The data on the collection locations and tick numbers are presented in Table 1 .
All the ticks tested belonged to the I. ricinus species. The DNA of Borrelia burgdorferi s. l. was present in 6/136 ticks (4.4%): 3 females (2.2%), 2 males (1.5%, and 1 nymph (0.7%) ( Table 2) .
Most of the infected ticks came from Monastyria (two females, one male, one nymph), Konucha (one female), and Sala-Podilska (one male).
The separated DNA bands from positive samples were used for further procedures. DNA bands were cut out of the gel as a slice, dissolved, and purified (Fig. 3) . The purified DNA was sequenced and the results are presented in the fluorogram. The sequences obtained after analysing the fluorograms were compared with the sequences amassed in GenBank (Fig. 4) . In Borrelia-positive samples, the presence of one genospecies -B. afzelii was detected. The DNA sequencing resulted in B. afzelii identification in four samples (2.9%). The remaining two samples (1.5%) confirmed that Borrelia species belonged to the B. burgdorferi s.l. complex, without identifying the genospecies. It is possible that in these cases difficulty in identifying the species of pathogen was due to infection of ticks by several species of Borrelia.
Discussion
The prevalence of B. burgdorferi s.l. in ticks is one of the most essential components of risk assessment for LB. Rizzoli et al. (21) showed that B. burgdorferi s.l. in I. ricinus ticks collected in urban parks, gardens, or suburban habitats is distributed approximately at the same rate as in I. ricinus ticks living in forests. Therefore, the risk of contracting LB in urban areas could be as high as in rural environments. Rauter and Hartung (18) evaluated the overall rate of B. burgdorferi s.l. in I. ricinus ticks in Europe. The prevalence was calculated on the basis of the results published between 1984 and 2003. It was found that the prevalence of Borrelia in ticks was 13.7%. The rate of infection of adult ticks (18.6%) was significantly higher than that of nymphs (10.1%). The highest rates of infection of I. ricinus were found in Central Europe (Austria, the Czech Republic, Southern Germany, Switzerland, Slovakia, and Slovenia).
The studies conducted in selected European countries published after 2003 show varying percentages of I. ricinus ticks infected with B. burgdorferi ranging from 7.6% to 42.5% (9, 15, 18, 19) . A large variation in the percentage of I. ricinus ticks infected with B. burgdorferi was also observed in Western European countries adjacent to Western Ukraine: Belarus (14.1%) (19) , Poland (6.8%-22%) (11, 23, 24) , Slovakia (10.2%-30.2%) (16, 22) , and Romania (18.0%-25.8%) (6, 17) .
In our research conducted on I. ricinus ticks collected in the Ternopil area, the DNA of B. burgdorferi s.l. was found in 4.4% of tested specimens. A similar infected proportion was shown in the study on the ticks collected in seven urban parks and one suburban oak wood park in Kyiv (Northern Ukraine), i.e. 4% (28/696; 27 adults, 1 nymph) of I. Ricinus infected with B. burgdorferi s.l. complex (10) . High rates of infected ticks were found in the study on specimens of I. ricinus and D. reticulatus collected in the north-western region of Ukraine in the years 1998-2011. B. burgdorferi s.l. was identified in 19.8% of I. ricinus and 3.8% of D. reticulatus ticks. The highest prevalence of infected I. ricinus (25.0%) was identified in the Kivertsi, Ratne (19.3%), and Manevychi (16.7%) districts, whereas the lowest were reported in Turiysk (6.7%) (12) .
The complex of closely related species of the Borrelia genus transmitted by ticks are referred to as B. burgdorferi s.l., which includes 20 genospecies (14, 25) . Rauter and Hartung (18) (17) .
On the other hand, a study on ticks in Eastern Poland, bordering Ukraine in the west, showed that B. burgdorferi s.s. predominated over B. afzelii. In the ticks from the Roztocze National Park in South-Eastern Poland, the genospecies B. burgdorferi s.s. was found in 55.3% of the ticks infected with B. burgdorferi s.l., whereas the genospecies B. afzelii was confirmed in 38.3% (4) . Similar results were obtained in studies conducted in Eastern Poland (Lublin Province). B. burgdorferi s.s. was found in a total of 62.8% of I. ricinus ticks infected with B. burgdorferi s.l., whereas B. afzelii and B. garinii were less frequent and observed in 39.8% and 17.7% of the infected ticks, respectively (5).
In conclusion, the research confirmed the dominance of B. afzelii genospecies in the Ternopil area. It seems reasonable to undertake similar research in other regions. Knowledge in this field can be useful for public health and planning the prevention of tickborne diseases, including Lyme disease.
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